It is known that the education of significant others may affect an individual's mortality. This paper extends an emerging body of research by investigating the effect of having highly educated adult children on the longevity of older parents in Europe, especially parents with low educational attainment. Using a sample of 15,015 individuals (6,620 fathers and 8,395 mothers) aged 50 and above, with 1,847 recorded deaths, over a mean follow-up period of 10.9 years from the Survey of Health, Ageing and Retirement in Europe (SHARE), we examine whether the well-established socio-economic gradient in mortality among parents is modified when their adult children have higher educational attainment than their parents. We find that having highly educated adult children is associated with reduced mortality risks for fathers and mothers with low educational attainment, compared to their counterparts whose adult children have only compulsory education. The association is stronger in early older age (ages 50-74) than in later older age (ages 75 and over). Part of the association appears to be explained by health behaviours (physical (in)activity) and health status (self-rated health). Our findings suggest that the socioeconomic-mortality gradient among older parents might be better captured using an intergenerational approach that recognises the advantage of having highly educated adult children, especially for fathers and mothers with only compulsory education.
Introduction
It has been long recognised that individuals in lower socio-economic groups systematically experience higher mortality and worse health outcomes, resulting in a mortality gradient whereby life expectancy increases in step with socio-economic position (Marmot et al., 1987; Link and Phelan, 1995; Chapman et al., 2009; Elo, 2009) . Previous research has shown the value of education for health (Backlund et al., 1999; Huisman et al., 2005; Cutler and Lleras-Muney, 2010; Goldman and Smith, 2011; Delaruelle et al., 2015) and provided evidence that, compared to those who have little schooling, higher-educated people have more resources to influence their health and longevity positively (Ross and Van Willigen, 1997; Ross and Mirowsky, 1999; Huijts et al., 2010) . It is not only an individual's own education that is associated with health benefits. The educational achievements of spouses may have an additional impact on an individual's mortality (Monden et al., 2003; Skalická and Kunst, 2008) , as well as the average education level in their community (Kravdal, 2008) . More recently, a new line of thinking has indicated that adult children's socio-economic status may also be associated with the health and mortality of their parents, with growing evidence from low-to high-income countries (Zimmer et al., 2002 (Zimmer et al., , 2007 (Zimmer et al., , 2016 Torssander, 2013 Torssander, , 2014 Friedman and Mare, 2014; Lundborg and Majlesi, 2015; Yahirun et al., 2016 Yahirun et al., , 2017 Yang et al., 2016; De Neve and Harling, 2017; Elo et al., 2018; Smith-Greenaway et al., 2018) .
The links between adult children's education and the health and mortality of their parents have been studied in diverse country settings. Research in the European context has been primarily dominated by studies using register-based data from Nordic countries such as Sweden (Torssander, 2013 (Torssander, , 2014 Lundborg and Majlesi, 2015) and Finland (Elo et al., 2018) . While multigeneration data from population registers clearly offer a way forward to document the association between parents' mortality and their adult children's educational attainment, further research is needed from the European context to reveal the extent of such a relationship within and beyond some of the most progressive welfare states in Europe.
Our study will extend the current body of research on upward health transfers by using Europe-wide comparable longitudinal data from the Survey of Health, Ageing and Retirement in Europe (SHARE). Many European countries experienced rapid industrialisation after the Second World War, as well as a continued expansion of educational opportunities (Breen, 2010; Busemeyer et al., 2018) , leading to younger cohorts attaining higher levels of education than older cohorts. Thus, the rapid pace of educational expansion in Europe means that older parents in the early 21st century are more likely than at other times in the past to reap health advantages via the education of their adult children.
The current study has three main objectives. Our first objective is to investigate whether any influence of having highly educated children on the longevity of older parents depends on the relative educational attainment of the parent and adult child. Intergenerational relationships are encapsulated in one of the central propositions of the lifecourse perspective, namely linked livesthat is, significant others or family members such as parents and children mutually influence each other's wellbeing (Elder et al., 2003) . We argue that, in the context of educational expansion and the socio-economic gradient in health in Europe (Delaruelle et al., 2015) , an examination of the differential influence on the longevity of older parents of the relative educational attainment of the parent and adult child is important because structural and behavioural factors may suppress or accentuate the benefits of adult children's education depending on the level of education of their parents. Although most studies on health inequalities focus on the associations between health and mortality based on one's own education, a linked lives approach may indeed be needed when studying health inequalities in Europe and the differential access to material and immaterial resources among vulnerable and advantaged groups (Mackenbach, 2012) . For instance, if low education is particularly detrimental for the longevity of older parents, having highly educated adult children may be especially beneficial for this group. The study thus extends the existing literature on upward health transfers in Europe and beyond by examining the association between parent-child relative education and fathers' and mothers' longevity.
Our second objective is to examine when in the lifecourse adult children's education might have a greater influence on parents' longevity by taking into consideration an intergenerational approach that is sensitive both to educational differences and to the age of older parents. Prior research on upward health transfers has indicated that the association between adult children's education and parents' survival may be mediated by the age of older parents (Zimmer et al., 2007 (Zimmer et al., , 2016 Elo et al., 2018) . This is in accordance with an extensive literature on socioeconomic disparities in mortality (Huisman et al., 2003 (Huisman et al., , 2005 Von dem Knesebeck et al., 2006; Bambra et al., 2010) , which suggests that while some causes of death strongly increase with age (e.g. cerebrovascular disease, pneumonia), others decline (e.g. cancer and external causes). However, since individuals in lower socioeconomic groups are more likely to experience poor health and retire for health reasons, it has also been suggested that health inequalities tend to amplify during early older age (Chandola et al., 2007) before diminishing in later life as a result of the (generally) widespread government support to the elderly in Western societies, universal biological frailty in old age and mortality selection (Cullati et al., 2014) . We therefore examine whether the well-established educational gradient in mortality among parents is indeed modified when adult children have higher educational attainment than their parents in early (ages 50-74) and in later (ages 75 and over) older age.
Establishing a relationship between parental longevity and the educational attainment of adult children does not, of course, reveal the mechanism that might connect the two. Thus, the final part of the paper begins the task of exploring how adult children might influence their parents' health within the European context. The possible pathways through which such an influence might work remain poorly understood. Previous research from the United States of America (USA) has suggested that the association between adult children's education and parents' health is partly a function of the way in which the younger generation impacts upon health behaviours, such as physical activity, among the older generation (Friedman and Mare, 2014) . Similarly, Torssander (2013) has indicated that in Sweden having highly educated adult children may enhance parents' health via the provision of valuable informational support for health-related behaviours, or help to navigate different treatment options and specialists within the health-care system. Hence after establishing whether there is an association between parent-child relative education and fathers' and mothers' longevity within the European context, our third objective is to assess whether mechanisms related to health behaviours (physical (in)activity) and health status (self-rated health) underlie any beneficial effect of having highly educated adult children for parents in early and later older age.
Education as a family-level resource
Previous research has demonstrated the importance of the education of significant others as an influence on an individual's mortality (Ross and Van Willigen, 1997) .
Resource pooling transforms an individual's education into a family-level resource (Smith and Zick, 1994) . As a result, social relationships within, and outside, the household have the potential to create synergistic effects, including the promotion of health among older adults (Seeman, 2000; Marmot et al., 2003) . In recent decades, literature on health inequalities has discussed how the education of significant others may affect an individual's mortality favourably via knowledge transmission, imitation of behaviour and economic support (Ross and Mirowsky, 1999) . The educational composition of the family clearly matters for the health of individual family members, with past studies suggesting a 'spillover effect' from the education of partners (Monden et al., 2003; Huijts et al., 2010) . Although it seems reasonable to assume that the influence of an individual's own education will remain pivotal (Huisman et al., 2005; Elo, 2009 ), a solely individualistic approach to the socioeconomic determinants of health among older adults ignores how families interact and influence one another in a multiplicity of ways (Ross et al., 1990) . From this extended perspective, there is clearly potential for adult children to influence their parents' health significantly if the essential components of intergenerational solidarityincluding affection, association, consensus, resource sharing and the opportunity structure for interactionare in place during the adult family lifecourse (Bengtson and Roberts, 1991) .
Within this context, while several earlier studies have demonstrated a relationship between an individual's mortality and the quantity of children he or she has, with childless individuals having higher mortality than those with children (Kendig et al., 2007; Christiansen, 2014; Modig et al., 2017) , the relationship between an individual's mortality and the quality of children in terms of their educational attainment is only just beginning to emerge. The first studies to examine the association between adult children's education and parents' health and mortality were undertaken in non-Western contexts (Zimmer et al., 2002 (Zimmer et al., , 2007 . Zimmer et al. (2002) found that, in Taiwan, the level of education of an adult child was positively associated with older parents' greater physical functioning, and negatively associated with the mortality of their elderly parents, particularly among parents who already had severe health problems at the start of the mortality follow-up (Zimmer et al., 2007) . While various later studies have also demonstrated an association between an individual's mortality and the quality of children in terms of their educational attainment, a growing share of this work has primarily focused on low-and middle-income countries (Zimmer et al., 2002 (Zimmer et al., , 2007 Yahirun et al., 2016 Yahirun et al., , 2017 Yang et al., 2016; De Neve and Harling, 2017; Smith-Greenaway et al., 2018) . As recently noted (De Neve and Kawachi, 2017) , one reason for the dearth of research in high-income contexts may be the expectation that the influence of adult children on parental health is likely to be less pronounced in countries with developed welfare systems providing for the vulnerable and elderly.
Nevertheless, a few recent studies from North America and Europe have reported a protective association between adult children's education and parental health (Torssander, 2013 (Torssander, , 2014 Friedman and Mare, 2014; Zimmer et al., 2016; Elo et al., 2018) . Friedman and Mare's (2014) work in the USA showed that parents of well-educated children live longer than do other parents, even after controlling for parents' own socio-economic resources. Similarly, research in Sweden indicated that parents' mortality cannot be fully explained by their own socio-economic resources or those of their partners (Torssander, 2013) , and identified net associations between children's various socio-economic resources (education, occupation and income) and parents' mortality risk, with the clearest association for education (Torssander, 2014) . Using a large Utah-based multigenerational data resource and a network approach to health determinants, the recent study by Zimmer et al. (2016) supports the existence of a longevity penalty for parents whose adult children have low socio-economic status and a longevity dividend for those whose adult children have a high socio-economic position, albeit the effects of adult children's education are attenuated by parental age. In a similar vein, Elo et al. (2018) , using register data from Finland, have deepened our understanding by showing that higher levels of children's education are associated with lower parental mortality at ages 50-74, an association that becomes much weaker at 75 and over. Their study also confirmed that children's education remains more strongly associated with mortality than children's occupation or income.
Less is known about how children's education might influence their parents' health. One possibility is through the communication of advice and encouragement. Higher levels of children's education are associated with increased parent-child communication (Cutler and Lleras-Muney, 2010) , and enhanced communication could include health advice and the encouragement of a healthy lifestyle. The latter seems particularly relevant due to the higher prevalence of unhealthy behaviours among individuals in lower socio-economic positions (Lakka et al., 1996; Lynch et al., 1997) , which is one of the main factors linked to poor health (Schrijvers et al., 1999; Stringhini et al., 2010) . Evidence from past studies in low-and middle-income countries suggests that the expansion of education through compulsory schooling provides parents with greater resources to rely on through the education of their children. Such resources are associated with parents' lower exposure to health risks (e.g. smoking and alcohol use) and greater receipt of support (Smith-Greenaway et al., 2018) , and are found to predict parents' physical limitations (Zimmer et al., 2002; Yahirun et al., 2016) . Although recent evidence also indicates that adult children's education is not necessarily associated with short-term changes in parents' physical functioning in the Mexican context, it is nonetheless associated with increased parents' longevity (Yahirun et al., 2017) . Other previous studies from high-income countries have indicated that adult children with additional education or health knowledge promote physical activity among their parents (Berniell et al., 2013) , and that parents who receive social support from their adult children tend to engage more frequently in active exercise (Thomas et al., 2019) , motivated by a desire to maintain health and longevity for their children (Reczek et al., 2014) . Further, parents with highly educated children are less likely to experience depressive symptoms (Sabater and Graham, 2016a) , which in turn is associated with higher levels of physical activity (Umberson et al., 2008) . This empirical evidence suggests that having highly educated adult children allows parents access to more and better quality resources (e.g. social, psychological or material) to avoid unhealthy behaviours and adopt effective coping strategies. It also highlights what was already recognised by social exchange theory (Astone et al., 1999) , namely that social support provided by adult children has long been found beneficial for parental health in virtually all societies.
Theories concerning the relationships between social networks and health suggest various other pathways through which social contacts may influence health (Berkman and Glass, 2000) . According to Torssander (2013: 638) , 'three of these pathways are potentially relevant for child-to-parent transmission: provision of social support, social influence, and access to resources'. Upward health transfers within the family may involve both direct and indirect effects (Friedman and Mare, 2014) . In other words, while children may directly affect parents' health by consciously providing better access to information and care that improves their parents' health, they may also affect their parents' health through health 'spillovers' or 'contagion effects'. In practical terms, the latter means that parents' exposure to well-educated children's health behaviours and lifestyles may influence them to adopt healthier behaviour themselves without explicit intervention from their children. Nevertheless, there remains a need for a greater understanding of the ways that family ties shape parental health (Umberson et al., 2010) .
In sum, although the advantages of having children with important resources extend beyond the health benefits to parents, explanations that are directly related to the value of education for health are possible and may constitute a core component of family support in the broader context of intergenerational exchanges. These potential pathways of upward intergenerational transfers underpin the main focus of our analysis, which examines whether the mortality gradient among older parents is modified depending on the relative education of fathers/mothers and their adult children.
Research questions
Building on and extending previous work, this study addresses three key research questions:
• Research question 1: Is having highly educated adult children associated with lower mortality risks for father and mothers with low educational attainment in the European context?
Answering this initial question using Europe-wide comparable longitudinal data provides a starting point for further analysis. Our purpose is to establish whether there is a statistical association between the relative educational attainment of parent and child and the longevity of older parents, net of other relevant factors. Given the enduring longevity differentials between men and women, separate analyses are conducted for fathers and mothers.
• Research question 2: Do any such relationships differ for fathers and mothers in early (ages 50-74) and later (ages 75 and over) older age?
Next we examine when in the older lifecourse educational differences between the younger and older generations matter most for parental longevity. Since health inequalities might be more pronounced in the earlier stages of later life such as at retirement, when socio-economic disadvantaged individuals are more likely to retire for health reasons, it seems reasonable to expect that having highly educated children is most likely to have a positive effect on the health of parents during early older age. In contrast, since educational differences in health may decrease at older ages, it seems reasonable to expect that having highly educated children might be less relevant in old age because of general health decline, as well as mortality selection. However, if educational differences in health are assumed to increase with age, the benefits of having highly educated children on the health of parents might also be apparent during later older age. Thus, in order to complement the growing literature concerning upward health transfers, our analyses consider the benefits of adult children's education relative to the level of education of their parents for respondents in two age groups (50-74 and 75+). This consideration is important as most previous studies, with the exceptions of Zimmer et al. (2016) and Elo et al. (2018) , do not differentiate among older age groups despite age being significantly associated with a higher risk of dying.
• Research question 3: Are the associations between having highly educated adult children and the mortality risks of fathers and mothers (partly) explained by parents' health behaviour and health status?
Lastly, we begin to tackle the complex question of how highly educated children might positively influence the health of parents with different levels of educational attainment. We adopt two different approaches to examine potential mechanisms through which adult children's education may influence parents' health. First, we assess whether the estimated effect of parent-child relative education on parents' survival is attenuated when information closely linked to health behaviours (physical (in)activity) and health status (self-reported health) is included in the analysis.
Measures of (lack of) physical exercise are useful indicators to assess health among older people (Peralta et al., 2017) and, to our knowledge, only one previous study (Friedman and Mare, 2014) has examined exercise behaviours to see whether these constitute a plausible pathway for upward health transfers from adult children to their parents. In addition, measures of overall health are often regarded as surprisingly strong and robust predictors of mortality, even after controlling for many medical and behavioural risk factors (Lima-Costa et al., 2011) . Thus, our second approach investigates whether the relative education of adult children and their parents is associated with the parents' longevity and assess these relations in samples of respondents stratified by overall health status. As shown by Zimmer et al. (2007) , this type of analysis allows us to examine whether having highly educated adult children may enhance prevention of health conditions (among parents in good health) or may influence the recovery after the onset of illness (among parents in poor health).
Data and method

Data
Our analyses employ high-quality survey data from the initial five waves of SHARE, a prospective observational study of non-institutionalised people aged 50 years and over (for a detailed description, see Börsch-Supan et al., 2013 and http://www. share-project.org/). We use SHARE data from the baseline study in 2004, with follow-up interviews in 2006, 2010, 2013 and 2015, thus including longitudinal information from the 11 European countries that first contributed to the 2004 SHARE baseline study, and that have also taken part in subsequent waves since then (Austria, Belgium, Denmark, France, Germany, Greece, Italy, Spain, Sweden, Switzerland and The Netherlands). The availability of information on the respondent's own socioeconomic status and, crucially, the educational attainment of their adult children, makes SHARE a valuable data-set for examining the relationship between adult children's education and parental longevity.
Study population
Our analytical sample comprises 15,015 individuals, after the exclusion of respondents without adult children (N = 2,552) and respondents whose adult children were aged under 25 years (N = 1,423). We take 25 as the lower age limit because stability in educational attainment generally occurs from this age onwards. Following previous studies (Elo et al., 2018) , we estimate separate models for fathers (N = 6,620) and mothers (N = 8,395).
Outcome: parental deaths
All deaths (N = 1,847) in the second and subsequent waves of SHARE were registered in end-of-life interviews using personal identification numbers, and recorded by month and cause of death. Attrition from the panel is likely to affect the number of deaths and may result in an underestimation of mortality in SHARE's mortality follow-up (Schulz and Doblhammer, 2010) . Analyses of survey participation in SHARE have revealed that only the oldest-old show a higher probability of nonresponse (Kneip et al., 2015) , which indicates that attrition at these ages might indeed be a problem of mortality rather than refusal to participate. We excluded participants (N = 2) who died in the same month they granted their baseline interview. Since small sample sizes present difficulties for the analysis of cause-specific hazards of mortality, we use all-cause mortality as the main outcome in this study.
Parent and adult children's education
To examine the association between parent-child relative education and fathers' and mothers' longevity, including whether adult children's education has a stronger influence on the longevity of older parents who have lower educational attainment than their children, we devised a measure of relative education. Two categories were used for parents (compulsory and post-compulsory education) and three categories for adult children (compulsory or primary/lower secondary, upper secondary and tertiary education) from the ISCED (International Standard Classification of Education), creating a six-category interaction measure of 'relative education' in which these two categorical variables are multiplied. The resulting interaction term constitutes a meaningful predictor for examining whether the effect of adult children's education on the outcome (parental death from all causes) varies for different levels of parental education. We use a categorical specification of education for predicting mortality following previous research indicating a better model fit compared to a continuous specification (Backlund et al., 1999) .
As most families have more than one child, preliminary analyses considered and compared several constructions of adult children's education, including (a) whether any child has tertiary education, (b) the average and median years of educational attainment of all children, and (c) the oldest, most educated child, aged at least 25. We ran models with each of these specifications and found that the three constructions of education fit the data equally well. Following a 'dominance' approach specified in Torssander (2014), we selected for our measure the child with the highest level of educational attainment and, where there was more than one child with similar levels of education, the oldest. Implementation of the dominance approach not only considers the highest level of education but also the dominant position. In all such cases, we assume that the health of an older parent is influenced most by the oldest child with the highest level of education as she or he is likely to have the greatest availability of resources, including health knowledge. The latter is also consistent with the notion that there is a larger benefit from the first daughter or son than from later children (Christiansen, 2014) .
Socio-economic covariates
Model covariates include three additional, time-varying measures of socioeconomic status: household income, household wealth and spouse's educational attainment. Household income is defined by the annual earnings of all household members, whereas household wealth (total net worth) measures the sum of all financial (net stock value, mutual funds, bonds and savings) and housing wealth (value of primary residence net of mortgage, other real estate value, owned business share and owned cars) minus liabilities. Income and wealth data are specified in terms of purchasing power parity (PPP), which includes conversion into euros and corrections for differences in purchasing power across the survey countries. Following previous studies (Hairi et al., 2010) , we divided income and wealth by the square root of the number of household members to account for household size. Among the 15,015 individuals with baseline data, only 188 cases did not have complete data on model variables (1.25%). To maximise the size of the useable sample, we imputed these data using the Stata multiple imputation suite.
Statistical analysis
Our modelling strategy follows that of Friedman and Mare (2014) , although our focus is on the effect of the relative educational attainment of fathers or mothers and their adult children on the all-cause mortality of parents. Thus, Cox proportional hazard regression models are fitted first with the interaction measure of parent-child relative education (Model 1). We then account for marital status and partner's educational attainment (Model 2) and lastly for respondents' household income and household wealth (Model 3). Our approach builds upon previous analyses in which the mortality of parents was examined with main effects only (using parents' education and adult children's education) as well as with parent-child interactions of educational attainment with and without main effects (Sabater and Graham, 2016b ). Based on model fit tests, in this paper we only provide results from the statistical analysis of the interaction term that is under investigation (i.e. without main effects). Since the presence of a high-order interaction renders the estimates for lower-order terms meaningless (as their effects are absorbed by the interaction), the approach used in the current study has the advantage of capturing the value of the interaction without the interference of low-order effects. Hazard ratios (HR) from Cox models predicting risk of death are reported in all tables and we present only the results for our key variable. 1 Since spouses of respondents were also interviewed, robust standard errors are estimated to adjust for clustering of respondents within households.
Survival time is measured as the amount of time that elapsed between the date of baseline interview and death, or censoring resulting from non-response or the end of the study period. Mortality risks are estimated based on verified deaths, otherwise the respondents are assumed to have survived until the end of the observation period. Our unit of analysis is the individual parent (father or mother). Analyses are performed first with all older parents combined and then separately for those in early older age (50-74) and later older age (75 years and over). Because respondents are fathers and mothers from 11 European countries, we allow the baseline hazards to vary by sex of parent and country of residence. We thus relax the assumption that the combined effects of education and other covariates are the same for all countries under consideration. This is important to prevent bias arising from non-proportionality in the survival curves.
Cox regression models are also employed to test whether at least part of the association between the relative educational attainment of parents and their adult children (our interaction measure) and the parents' all-cause mortality is explained by parents' physical (in)activity and overall health. Using a measure related to lack of exercise is appropriate because it captures a negative behaviour and a major cause of chronic diseases (Booth et al., 2012) . Further, the use of a standard measure of self-rated health has the advantage of capturing subtle aspects of health, including diseases that exist but are unreported, and psycho-social factors that may also relate to survival. Self-rated health was measured using the European version of subjective health status (very good, good, fair, bad or very bad).
Results
Table 1 provides a descriptive analysis of the characteristics of the total sample (i.e. all parents), and of fathers and mothers separately, at baseline. Fathers constitute 44 per cent and mothers 56 per cent of the total sample of parents. The majority of parents are married, although over one-third (34.6%) are widowed mothers, and the mean number of children present for all parents is 2.5, with most parents having, at least, two adult children who could provide support. Importantly, almost 50 per cent of fathers and over 60 per cent of mothers only have compulsory education.
However, as Table 2 shows, it is also very possible for fathers and mothers with low education to have adult children with upper secondary or tertiary levels of education. The cross-tabulation of parents' own education by adult children's education shows that, in addition to similar levels of education between parents and their adult children, there is also a widespread distribution of respondents (mothers and fathers) with children who have different levels of education. For instance, of fathers and mothers with only compulsory education, over two-fifths have an adult child with upper secondary education and over one-fifth have an adult child with tertiary education. This highlights educational differentials between parents and adult children in our sample, which indicates the presence of intergenerational educational mobility and, therefore, the possibility of highly educated adult children being a vehicle for parents' empowerment in terms of health, particularly among parents with low educational attainment. While one-third of fathers and mothers with only compulsory education have an adult child with similar levels of education, over two-fifths of fathers and mothers with post-compulsory levels of education have an adult child with upper secondary education and around a half have an adult child with tertiary education. These distributions support the idea that, in order to gain further understanding of the relationship between adult children's education and parents' longevity, it is important to model educational differences and similarities between parents and their adult children. Table 3 presents the first set of results from Cox regressions. The models for 'all ages' predict the hazard of mortality for all fathers and mothers aged 50 and over, and confirm that having tertiary-educated adult children is associated with lower mortality risks for both fathers (HR = 0.701, 95% confidence interval (CI) = 0.546-0.899, p < 0.01) and mothers (HR = 0.802, 95% CI = 0.653-0.983, p < 0.05) who have compulsory education, compared to the reference group whose adult children have only compulsory education. After controlling for marital status and partners' education (Model 2), the associations between parent-child relative education and fathers' and mothers' mortality risks persist, albeit slightly attenuated for mothers, thus indicating that parental longevity may be shaped by the combined effects of marital status and the relative educational attainment of parents and their children. Further adjusting for household income and household wealth (Model 3) decreases the strength of these associations, but having tertiary-educated adult children remains a significant predictor of lower mortality risks for fathers (HR = 0.715, 95% CI = 0.557-0.917, p < 0.01) and mothers (HR = 0.810, 95% CI = 0.658-0.997, p < 0.05) who themselves have only compulsory education. Thus, our results support a positive answer to our first research question by confirming that having highly educated adult children is associated with a mortality benefit for parents with low educational attainment.
The results for all older parents indicate that having upper secondary/ tertiary-educated adult children also appears to be a significant predictor of lower mortality risks for fathers (HR = 0.630, 95% CI = 0.488-0.813, p < 0.01; HR = 0.654, 95% CI = 0.514-0.833, p < 0.01) and mothers (HR = 0.689, 95% CI = 0.519-0.915, p < 0.01; HR = 0.770, 95% CI = 0.591-1.004, p < 0.1) who themselves have post-compulsory education, compared to the reference group of low-educated parents whose adult children have only compulsory education. In order to see whether there are significant differences among parents with post-compulsory education whose adult children have compulsory, upper secondary and tertiary Notes: Reference group is compulsory education for both parents and adult children. All models stratified by country of residence. Model 1: Adjusted for parents' age, country of birth and number of adult children, as well as age and sex of adult child, and parent-child geographical proximity. Model 2: As Model 1, plus adjustment for marital status and partners' education. Model 3: As Model 2, plus adjustment for household income and household wealth. SE: standard error. AIC: Akaike information criterion. BIC: Bayesian information criterion. Significance levels: * p < 0.1, ** p < 0.05, *** p < 0.01. education, we also changed the model specification by using the group of parents with post-compulsory education whose adult children have tertiary education as the reference group (see the Appendix). The results from this test for both fathers and mothers show that there are no statistically significant differences with regard to mortality risks among the group of parents with post-compulsory education whose adult children have different levels of education. This suggests that having highly educated children may not confer a mortality benefit on better-educated (post-compulsory) parents. However, these results also indicate that there are significant differences between the reference group and the group of parents who only have compulsory education, with the exception of those whose adult children have tertiary education. Thus, the test adds further evidence that having highly educated adult children is linked to a mortality advantage for parents with low educational attainment.
Since parental health may be more closely associated with age itself than with individual education, it is also interesting to examine the relationship between parent-child relative education and their parents' mortality risks for different parental age groups. Hence, the second set of results from Cox models (also in Table 3 : 'aged 50-74' and 'aged 75+' sections) examine whether this mortality benefit differs according to the age of the parent. Our findings indicate that, compared to the reference group, having adult children with tertiary education reduces the risk of mortality for parents with compulsory (and post-compulsory) education in early older age but not in later older age. The largest health gains, as indicated by lower HR values (Table 3 , Model 3), are found among parents aged 50-74 with lower education than their adult children (i.e. compulsory versus tertiary), where the association is statistically significant for both fathers (HR = 0.561, 95% CI = 0.371-0.847, p < 0.01) and mothers (HR = 0.638, 95% CI = 0.428-0.951, p < 0.05) who have only compulsory education. Among fathers and mothers aged 75 and over, the association only remains significant for well-educated fathers (HR = 0.633, 95% CI = 0.438-0.914, p < 0.05) and mothers (HR = 0.632, 95% CI = 0.418-0.955, p < 0.05) whose adult children have upper secondary education, compared to the reference group of low-educated parents whose adult children have only compulsory education.
To investigate possible pathways for upward health transfers, we fitted further Cox regressions (see Table 4 ) using the full specification (Model 3) from Table 3 but including separate adjustments for physical (in)activity (Model 4a) and overall health (Model 4b). After re-estimating the models with a control for lack of exercise, we observe that the magnitude of the coefficients from the original models is slightly reduced, thus providing some evidence that physical activity habits account for part of the relationship between the relative educational attainment of parents and children and parents' mortality risks, particularly for fathers in early older age and for mothers in both early and later older ages. The changes in the relationship between parent-child education and parents' longevity brought about by the inclusion of (lack of) physical activity suggest that at least part of the association between the relative educational attainment of parent and adult child and the survival of older fathers and mothers may be explained by parents' sedentary behaviour. As expected, however, controlling for parents' (lack of) physical activity does not fully explain the central relationship under consideration as there are many other health-related factors that are also likely to influence parent's longevity. To complement this analysis, Table 4 also displays results from Cox models which allow a more general evaluation of parents' health status using selfrated health. Comparing the results we see that the inclusion of self-rated health considerably attenuates the magnitude of the coefficients for each category of educational difference between parents and adult children. The largest reductions in the coefficients are found among fathers in early older age with both compulsory and post-compulsory education whose adult children have tertiary education.
The results for mothers also highlight a mitigation of the association with the inclusion of this adjustment, reducing most coefficients to insignificance, and with the largest reductions found among mothers in later older age.
To gain further insight into whether adult children's education has different effects depending on the initial health status of father and mothers, we conducted an additional analysis based on the sample stratified by whether parents reported 'good' or 'very good' health, as opposed to 'very bad', 'bad' or 'fair' health at baseline (see Table 5 ). The results reveal that adult children's education is not significantly associated with parents' mortality risks when fathers and mothers' self-rated health appears to be 'good' or 'very good'. In contrast, adult children's Notes: Reference group is compulsory education for both parents and adult children. All models stratified by country of residence. SE: standard error. AIC: Akaike information criterion. BIC: Bayesian information criterion. Significance levels: * p < 0.1, ** p < 0.05, *** p < 0.01. education is clearly associated with parents' survival when fathers and mothers reported from 'very bad' to 'fair' overall health. In particular, having adult children with at least upper secondary education is associated with lower mortality risks for parents with compulsory (and post-compulsory) education who reported poor health at baseline both in early and later older age, compared to the reference group. The latter constitutes evidence that having highly educated adult children may be particularly helpful in mitigating parents' health deterioration after the onset of illness. Finally, we conducted supplementary analyses to test the robustness of our results by taking into account potential regional differences (Northern, Central Notes: Analytical sub-samples: fathers who reported 'good' or 'very good' health (N = 4,231) and fathers who reported 'very bad', 'bad' or 'fair' health (N = 2,389) at baseline; mothers who reported 'good' or 'very good' health (N = 4,757) and mothers who reported 'very bad', 'bad' or 'fair' health (N = 3,638) at baseline. Reference group is compulsory education for both parents and adult children. All models stratified by country of residence. SE: standard error. AIC: Akaike information criterion. BIC: Bayesian information criterion. Significance levels: * p < 0.1, ** p < 0.05, *** p < 0.01.
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A Sabater et al. and Southern Europe), but in this case without distinguishing parents by gender. Although the grouping of parents and countries into three broad regions is a pragmatic response to sample sizes, it nevertheless captures essential differences in family systems and welfare provision. Comparing the results of Table 6 , we see first and foremost that the beneficial effect of having highly educated adult children for parents in early older age with only compulsory education is similar in all regional contexts. Having adult children with upper secondary or tertiary education in Northern and Central Europebut not in Southern Europeis also associated with lower mortality risks among parents with post-compulsory education in early and later older age, compared to their counterparts with only compulsory education and low-educated adult children.
Discussion
Our findings largely concur with those from the few previous studies that have identified adult children's education as an important predictor of parents' mortality in middle-and high-income contexts (Zimmer et al., 2002 (Zimmer et al., , 2007 (Zimmer et al., , 2016 Torssander, 2013 Torssander, , 2014 Friedman and Mare, 2014; Yahirun et al., 2016 Yahirun et al., , 2017 Yang et al., 2016; Elo et al., 2018) . Importantly, our study contributes to the growing body of literature on upward health transfers in three ways. First, it offers new insights into the relationships between children's education and parents' longevity by considering the relative educational attainment of parents and their adult children, and provides sound empirical evidence that, in the European context, ageing adults with low levels of educational attainment who have more highly educated children experience higher survival compared to their counterparts with low-educated children. In other words, while all parents with low educational attainment have a higher mortality risk than more highly educated parents, those with highly educated children have a lower mortality risk than their peers whose children have similar low educational attainment to themselves. Thus, having highly educated children confers a particular mortality advantage on less well-educated fathers and mothers in early older age. This accords with our initial expectations and suggests that having highly educated children could mitigate the independent effect of parental socio-economic disadvantage. It is also consistent with a causal pathway that links the (greater) health knowledge of adult children with the provision of health advice to their parents.
Second, our study indicates that parental age affects the strength and, to a certain extent, the pattern of the association. The benefit of having a highly educated adult child is clearer in early older age than in later older age and is stronger when parents have lower educational attainment than their children, implying that the less there is of one resource (parents' education), the more important another will be (adult children's education) at some ages. So far, only a few studies have provided evidence of differential effects by parental age. Prior work on the USA by Zimmer et al. (2016) , for example, has indicated that the effects of adult children's education are attenuated by parental age, arguing that mortality selection and greater homogeneity among individuals surviving at older ages limits opportunities for upward health transfers, which could explain the weaker association for fathers and mothers in later older age found in the current study. In a similar vein, Elo et al. recently noted for Finland that 'opportunities for children to influence the health of their parents at the oldest ages may be more limited ' (2018: 54) . These previous findings are supported by our study and are closely aligned to the idea that having highly educated children is most likely to influence parents' longevity when health inequalities among parents reach their peak in the early part of old age when material, behavioural and psycho-social factors, rather than age itself, have a greater impact on health (Davey Smith et al., 1994; Ploubidis et al., 2011) . Nonetheless, educational attainment may, of course, be acting as a marker for other resources that adult children with upper secondary or tertiary education bring to their family during their parents' older age. For instance, as noted by Friedman and Mare (2014) , better-educated ageing parents may have a greater incentive to adopt new healthy practices suggested by, or observed among, their adult children. Such a possibility already has support in the Taiwanese setting (Zimmer et al., 2007) .
The fourth contribution of our study is that the findings provide new evidence on the mechanisms that might link parental longevity and the educational attainment of adult children. It appears that certain health behaviours, as well as health status, underlie the beneficial effects of having highly educated adult children in Europe, particularly for fathers in early older age and for mothers in both early and later older ages. The fact that the associations between relative education and parental mortality risks are somewhat attenuated in our adjusted models when measures of health behaviour (physical (in)activity) and health status (self-reported health) are included implies that adult children's education may play a role in both the prevention and progression of health problems and thus influence parents' survival. Our results are consistent with previous research in the US context (Friedman and Mare, 2014) indicating that physical (in)activity explains part of the association between adult children's education and parents' longevity. Moreover, this supports the contention that influencing parental physical activity habits is part of how adult children's education is translated into survival gains for both fathers and mothers, and corresponds with the 'social influence' pathway identified by Torssander (2013) . However, our results also suggest that the influence of adult children's education on parents' longevity operates through a range of aspects related to overall health in both early and later older age. This is not surprising considering that adult children not only provide care to their parents but are also crucial for parents' physical, cognitive and psychological wellbeing at older ages (Seeman, 2000; Marmot et al., 2003) . Thus, if well-educated adult children influence their parents' health behaviours, this may not be the only mechanism through which parents derive a health benefit (Yang et al., 2016) . Stratification of the full sample into respondents with good and poor health at baseline further revealed that the association between relative education and parents' longevity is significant mainly among parents who already reported poor health both in early and later older age. Our findings thus support previous research by Zimmer et al. (2007: 302) using Taiwanese data, which indicates that adult children's education 'may be important in influencing the course and treatment of disease, determining the progression to recovery or decline and mitigating the effect of disease on mortality'. Although our data only allow speculation about the mechanisms through which having upper secondary/tertiary-educated adult children influence parents' longevity among those who have a health condition, there are several possibilities associated with, for example, having greater economic resources, greater health knowledge, the ability to navigate health-care systems, and the ability to understand instructions from doctors or health-care providers in general (Zimmer et al., 2007; Friedman and Mare, 2014) .
The 11-year follow-up provided by a well-established survey is a particular strength as it allowed us to investigate the longer-term associations between the relative educational attainment of parents and their adult children and parents' allcause mortality risks, but the SHARE data also impose certain limitations on the analyses. We cannot interpret the associations found as causal as they may be linked to unobserved characteristics, not measured in the data-set, that determine both adult children's education and parents' health. We cannot, for example, exclude the possibility that parents who create the environment for their children to succeed in education are also self-motivated to maintain a healthy lifestyle. Nevertheless, the consistency of our main findings with prior studies that point to the important role that adult children's education can play in influencing parents' health suggests that focusing on the relative educational attainment of parents and their adult children in the analyses enables a more nuanced understanding of the health gradient observed in later life.
The SHARE data-set includes only parents who survived at least to the age of 50 years and are not institutionalised. This may introduce both survivor and selection biases that are likely to affect the analyses for older participants more than the analyses for younger participants as respondents in later older age constitute a particular sample in terms of survival and inclusion. Older participants in SHARE have a higher probability of non-response (Kneip et al., 2015) , which could lead to an underestimation of mortality for the oldest-old (Schulz and Doblhammer, 2010) . The percentage (74.2% for all participating countries from Waves 1 to 5) of end-of-life interviews completed by the partner or close relative of respondents whose death was validated (Bergmann et al., 2017) suggests that caution should be exercised when interpreting our findings for those in later older age. Nevertheless, since attrition is generally concentrated among lower socio-economic status individuals (Bergmann et al., 2017) and their mortality risks may thus be underestimated, it is reasonable to expect that our results would be stronger in the absence of attrition. In contrast, attrition should only have a marginal impact on the results for participants in early older age. It is also the case that older parents are less likely than younger parents to have highly educated adult children, given period increases in educational attainment. Thus, the results may reflect both selective and compositional elements of social disadvantage in later life (Batljan and Thorslund, 2009; Hendi, 2015) .
The small size of country-specific samples in SHARE precludes single-country analysis and means that our study relies on data pooled from 11 European countries. However, we also performed sensitivity analyses to explore the consistency of our results for three regions (Northern, Central and Southern Europe) reflecting the different European welfare regimes identified by previous theoretical frameworks (Esping-Andersen, 1990; Hank and Jürges, 2010) . The results demonstrate that the benefits of having highly educated children are similar in all regional contexts for parents in early older age who have low educational attainment. However, there are also some differences between regions. Notably, while having upper 28 A Sabater et al.
secondary-or tertiary-educated adult children among better-educated parents during early older age in Northern and Central Europe is associated with lower mortality compared to the reference group, we do not find a similar association in Southern Europe. Further, while having adult children with upper secondary education in Northern and Central Europe is also associated with lower mortality for parents with post-compulsory education in later older age compared to the reference group, this is not the case for Southern Europe. Although the explanation of this finding warrants further investigation, one possible influence is the presence of larger cohorts of parents with upper secondary/tertiary education in both Northern and Central Europe compared with Southern Europe. Further research is clearly needed as it is possible that the regional patterns we observe may increasingly converge as education levels increase across all European countries (Sanderson and Scherbov, 2016) .
Conclusion
With strong intergenerational relations in Europe (Tomassini et al., 2004) , the education of children can have significant and far-reaching effects not only on the broader family unit but also on the societies in which families live. Thus, our findings imply that recent expansions in higher education could reduce the mortality gradient among older generations. The latter might be especially important within the European context where the recent expansion of tertiary education among younger generations has been pronounced. In 2016, 79.6 per cent of people aged 25-54 in the EU-28 (28 member states of the European Union) had at least an upper secondary level of education, compared with 63.7 per cent of those aged 55-74. In the same year, those with tertiary educational attainment constituted 33.4 per cent of those aged 25-54, compared with 20.6 per cent of those aged 55-74 (Eurostat, 2017) . While the possibility that further investments in education in one generation may contribute to improved health for those in previous generations is consistent with our findings, one key unanswered question is whether, at the same time, the gap between less well-educated families and the rest will widen. As stated by Zimmer et al. (2016 Zimmer et al. ( : 1600 , 'if offspring have the means to climb the SES [socio-economic status] hierarchy, they can function to improve the life chances of their low-status parents'. However, if educational expansions mainly exacerbate social competition in education, these can also augment the effects of prior social inequalities (Marginson, 2016) .
Our study using SHARE data demonstrates that in Europe having highly educated children confers a particular mortality advantage on less well-educated fathers and mothers. Nonetheless, further investigation is warranted to confirm or refute such effects in other settings. For instance, one may expect that the European context is different from other Western contexts such as the USA where enrolment in higher education tends to be highly socially stratified due to the high costs (especially of college education), with families (not welfare states) bearing much of the financial burden of high tuition fees. While previous research on upward health transfers in the USA and elsewhere has clearly shown the potential importance of children's socio-economic resources for parents' health, a better understanding of the interaction between children's education and their parents' longevity increasingly requires an intergenerational approach that is sensitive to their educational differences.
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